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I .  MOLECULAR ENERGISTICS 

I (A)  Microcalorimetry 

The y e a r  of 3965 bnoug,W ghe g e n e r a l  i n t r o d u c t i o n  of micro- 

I calorimetzy htot the I ~ ~ ~ ~ B F z & o z . S E ~ S  of the ebemical and bio- 

logical  ScfenceG, with t h e  ins t rument  developed at  t h e  Bio- 

e n e r g e t i c s  L a b o r a t o r i e s ,  and tes ted i n  work under  c o n t r a c t  

#R 8 and #E 38. SeriaI  COnSbmetion of Heatburst  or-JPulse- 

microcalorimeters-%wx* gi3ssct#€e not o n l y  their  g e n e r a l  u s e ,  

but also s u b s t a n t i a 3  improvements of t h e i r  performance- More 

c l o s e l y  ma2eh3,ng -4%errnopiles were ob ta ined .  Combination of 

them plies w i t h  o p t i m a l l y  suited amplifyling and r eco rd ing  

equipment resu l ted  i n  a three f o l d  increase of t h e  valkage- 

s e n s i t i v i t y .  Automatic i n t e g r a t i o n  e l i m i n a t e d  human errors 

i n  p l an ime t ry .  

s u b s t a n t i a l l y  reduced i n  size. Base l ine  s t a b i l i t y  was improved. 

A t empera ture-cant ro l led  e n c l o s u r e  w i l l  f u r the r  i n c r e a s e  t h e  

s t a b i l i t y  and will permit i n v e s t i g a t i o n s  over a w i d e  range  of 

temperatures. Meanwhile, at  t he  Bio-energe t ics  Laboratories 

new v e s s e l s  w e r e  developed which  have g r e a t l y  improved t h e  

speed of response. .  These  are impor tan t  steps t o w a r d  an even 

broader a p p l i c a t i o n  of microca lor imet rv  as a t o o l  af chemical 

Zero sp ikes  (a  l i m i t i n g  characterist ic) were 
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As a r e s u l t  of these developments t h e  p o t e n t i a l  of micro- 

calor imetry as a method f o r  l i f e - d e t e c t i o n  was explored  

i n  a s t u d y  by Thomas B Weber (NASA Cont rac t  No. NAS 2-2554) 

t i t l e d  "Detect i o n  of Extraterrestrial Microorganisms by 

Microcalorimetry". I n  t h i s  s t u d y  t h e  rates of metabolic 

(microbial)  heat ou tpu t  ranged f rm 20 t o  800 micro- 

calories per second i n  soi l -samples  of 200 mil l ig rams .  The 

a u t h o r s  report :  "Minimal detectable (heat) f l u x  is set by 

t h e  characterist ic s i g n a l  d r i f t  of t h e  in s t rumen t ,  t h i s  

be ing  e s s e n t i a l l y  dependent on  ambient  t empera tu re -va r i a t ions .  

The Benzinger in s t rumen t ,  i n  an environment having a 

m a x i m u m  t o t a l  d i u r n a l  temperature  excur s ion  of 4"C,  shows a 

d r i f t  of 0.06 microvo l t s  p e r  hour,  or ( i n  heat f l u x  

e q u i v a l e n t  0.25 microcalories per  second per hour ". "The 

p r e s e n t  s t u d y  i n d i c a t e s  clearly tha t  microcalorimetry provides  

B feas ib le ,  convenient  and s e n s i t i v e  experiment f o r  t h e  

de tec t ion  of e x t r a t e r r e s t r i a l  l i f e .  I t  must be emphasized, 

however, t h a t  much r e m a i n s  t o  be done i n  reducing  t h e  basic 

p o t e n t i a l  of t h e  method t o  p r a c t i c e .  I n  t h e  coming c o n t r a c t  

y e a r  t h e  Bio-Energetics L a b o r a t o r i e s  w i l l  con t inue  effor ts  

under c o n t r a c t  # R-38 t o  f u r t h e r  improve the  detection- 

s e n s i t i v i t y  and t o  reduce t h e  size and weight of i n s t r u m e n t a t i o n  

fo r  purposes  of I i fe  -de tec t ion .  ( s m a l l ,  slow heat -output ) .  

T T  
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D i f f e r e n t  p r i n c i p l e s  of calorimetry w i l l  be a p p l i e d  i n  

new developments f o r  t h e  measurement of s m a l l  t o t a l  heat 

of i n s t an taneous  reactions The p r i n c i p a l  a p p l i c a t i o n s  

of t h i s  k ind  of calorimetry w i l l  presumably take p l a c e  

i n  t h e  f i e l d  of immunochemistry For those irmnuno- 

reactions which do not r e s u l t  i n  p r e c i p i t a t i o n  there is 

an urgen t  need for a novel a n a l y t i c a l  approach. C a l o r i m e t r y  

as a method of chemical a n a l y s i s  is n o t ,  l i k e  a l l  other 

analyt ical  methods ? l i m i t e d  t o  c e r t a i n  reactions or  groups 

of reactions. I t  is app l i cab le  t o  every  chemical change 

w i t h  t h e  rarest excep t ions .  It is a v a i l a b l e  where there 

is no other measurable  sign of a suspec ted  r e a c t i o n .  I t  

demonstrates t h e  absence as w e l l  as t h e  presence of 

chemical change. 
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MOLECULAR ENERGIEI‘ICS 

(B) Chemosynthesis-project.  P r i n c i p a l  I n v e s t i g a t o r :  Lutz  Kiesow. 

The r e p o r t - p e r i o d ,  1965, was t he  t h i r d  a c t i v e  y e a r  of t h e  Chemo- 

s y n t h e s i s - & o j e c t .  

t o  d i s c o v e r  two biochemical react ion-sequences : 

(1)  The  sequence i n  which ene rgy  from ino rgan ic  s o u r c e s  is 

a s s i m i l a t e d  i n t o  t h e  l i v i n g  wor ld .  

(2) The sequence i n  which carbon from t h e  inorganic  s o u r c e ,  CO,, 

is incorpora t ed  i n t o  l i v i n g  organisms. 

The two p r i n c i p a l  aims of t h e  p r o j e c t  w e r e  

Toward these t w o  s e p a r a t e  but c l o s e l y  r e l a t e d  g o a l s  exper imenta l  

e f f o r t s  w e r e  d i r e c t e d  w i t h  a l t e r n a t i n g  emphasis s i n c e  t h e  

i n c e p t i o n  of t h e  p r o j e c t .  Neve r the l e s s ,  t h e  energy-aspect w a s  

f i r s t  of t h e  two t o  be r e s p l v e d .  

Two years after completion of t h e  needed f a c i l i t i e s  at t h e  B i o -  

E n e r g e t i c s  L a b o r a t o r i e s ,  t h e  mechanism of au to t roph ic  energy 

a s s i m i l a t i o n  w a s  c l a r i f i e d  and descr ibed  i n  PNAS 52:980, (1964) ,  

“On t h e  Ass imi l a t ion  of Energy From Inorgan ic  Sources  i n  Autotrophic  

Forms of L i f e ” .  These f i n d i n g s  have now been confirmed from 

o t h e r  l a b o r a t o r i e s  and by work of o t h e r  au tho r s  w i t h  independent 

methods. 

- 

Our p r i n c i p a l  f i n d i n g s  had been: 

( 1 )  The Reduction of Pyr id ine-Nucleot ide ,  (as publ i shed  from t h i s  

l a b o r a t o r y  i n  1962) coupled w i t h  and d r i v e n  by,  t h e  o x i d a t i o n  
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of i n o r g a n i c  reducing  a g e n t s  which acts as t h e  s o u r c e  of energy.  

T h i s  f i n d i n g  has  been confirmed, n o t  only w i t h  Nitrobacter 

(us ing  m- as substrate) but  a l s o  w i t h  F e r r o b a c t e r i a  ( u s i n g  

Fe*+ as s u b s t r a t e )  by M. H. A l e e m ,  Lees and N i c h o l a s  (Nature ,  

London, 1963). 

(2) The Thermodynamic B e v e r s i b i l i t y  of t h e  coupled oxido- 

r e d u c t i o n  i n  which substrate (energy-donor) is ox id ized  wh i l e  

DBN is reduced t o  1OBN.H ( t h e  product of ene rgy-as s imi l a t ion ) .  

T h i s  f i n d i n g  ha6 been confirmed by P. S t r a a t  and A. Nason 

(J.B.C. 240:1412 (1965). These au thors  have also confirmed our 

P 

f i n d i n g s  of important  c h a r a c t e r i s t i c s  of t he  enzyme-system 

involved ,  e. g. enzymic components, pE-optima and s e n s i t i v i t y  t o  

I i n h i b i t i o n  by KCN and o t h e r  agents. 

(3) The Dis in t eg ra t , i on  af Water i n t o  p ro tons  and e lectrons as 

t h e  i n i t i a l  s t e p  of energy a s s i m i l a t i o n .  T h i s  o b s e r v a t i o n ,  

made by US w i t h  aneorobic n i t r i t e  o x i d a t i o n  ( ch lo ra t e -expe r i -  

I 

ment)  has  been confirmed by M. H. A l e e m  (PNAS - 54: 869 (1965).  

I H e  remated i n  a d i f fe ren t  way, - (wi th  l e 0  water )  our f i n d i n g  

t h a t  t h e  oxygen in t h e  nitrate of Ni t robac te r  d e r i v e s  from € b o ,  

not from molecular 4, 

Our f ind ings  t h u s  confirmed i n  an independent manner r u l e  out 

the expl8a8tiorul of pbtocryatheeis given i n  the  t h e o r i e s  of 

V8n H i e l  8rd Warkrrg. A third t heo ry ,  t h a t  ATP is the product 

5 



of ene rgy-as s imi l a t ion ,  is no longer  needed: With DPN.H 

i d e n t i f i e d  as t h e  product  of energy-ass imi la t ion  t h e  

subsequent  product ion  of ATP is expla ined  as a r e s u l t  of 

t h e  well-known process  of c e l l - r e s p i r a t  i on  ( o x i d a t i v e  

phosphoryla t ion  of AIW coupled w i t h  DPN.R-oxidat i o n ) .  

The exper imenta l  d e s c r i p t i o n  of t h e  a s s i m i l a t i o n  of ene rgy  as 

described w a s  thoroughly d iscussed  and m e t  w i t h  unreserved  

acceptance  at t he  annual  meet ing of t h e  Union of European 

Biochemical S o c i e t i e s  i n  B e r l i n ,  Germany, where it w a s  

p r e s e n t e d  as t h e  annual l e c t u r e  of t h i s  y e a r ,  on  October 8 .  

The t h i r d  year of research at Bethesda could  now be devoted 

e n t i r e l y  t o  t h e  problem of carbon a s s i m i l a t i o n .  P r o g r e s s  

has been achieved d u r i n g  t h e  r e p o r t  pe r iod  w i t h  t h e  fo l lowing  

steps : 

(1) The energy-donor, DPN.H, was found t o  be an  indispensable 

requirement  for t h e  a s s i m i l a t i o n  of capd3on i n  p a r t i c l e s  

i s o l a t e d  from Nitrobacter. 

(2) The energy-donor was found t o  be an  ind i spensab le  

requirement  f o r  carbon-assimilat  i o n  i n  N i t  r obac t  e r - p a r t  i c  les . 
(3) The acceptor-substance which i n c o r p o r a t e s  t h e  carbon atom 

of, €I1'C0; . w a s  isolated. 

(4) The acceptor-substance w a s  I d e n t i f i e d .  
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( 5 )  

t h e  a c c e p t o r ,  DBN.H and ATP was found t o  be s o l u b l e .  

(6) The in te rmediary  compound formed by i n t e r a c t i o n  of t h e  

accep to r  w i t h  ATP w a s  isolated. 

( 7 )  The in te rmediary  compound was found t o  interact  w i t h  

DPN.R and HCaI; . 
( 8 )  The product of t h i s  i n t e r a c t i o n  was isolated and its net -  

c o m p o s i t i o n  es tabl ished.  I t  is highly  r e a c t i v e  metabolite. 

( 9 )  A specific enzyme-inhibitor w a s  found which blocks t h e  

second ,  not t he  f i r s t  of t h e  two c r u c i a l  reactions of t h e  

accep to r  w i t h  ATP and IBN.B. 

(10) I t  became possibLe t o  i s o l a t e  s u b s t a n t i a l  q u a n t i t i e s  of 

t h e  first in te rmediary  compound. 

The enzyme system for  t h e  combined i n t e r a c t i o n  of H q ,  

F i n d i n g s  (1) through (IO) are e s s e n t i a l  steps toward a f i n a l  

c l a r i f i ca t ion  of t h e  a s s i m i l a t i o n  of carbon.  It s e e m s  note- 

worthy t h a t  Nitrobacter also c o n t a i n s ,  i n  very  s m a l l  a c t i v i t i e s ,  

and w i t h  minute r e a c t i o n - r a t e s ,  t h e  e l e m e n t s  of t h e  Calvin-  

c y c l e :  ca rbowdismutase ,  the  ca rboxy la t ing  enzyme and t h e  

product  of Calv in ' s  ca rboxy la t ion ,  phospho glyceric acid. 
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II. 

Efforts at re-activating the huposn calorimeter facility with the accessories 

aa wed since 1947 (when the control circuits w e r e  designed by the American 

Society of Heating and Ventilating Engineers under contract with the Navy) 

brve Pot Succeeded. 

Blo-Energetics Iaboratories of lW3.I hrs maintained its re l iable  calibration 

n w  for 18 years, the accessory circuits, which supply l iquid of controlled 

temperatures to the various units of the gradient calorimeter, have 

deterioratedtqyond repsir. 

Ifhemas the w e n t  calorimeter as designed by the 

In the state of the art of 1947 it was difficult _ _ _  - 

to meet the specificat~oas Set by IWI for controlling temperature i n  gradient 

layer devices urd the accessory equipment was required to perfrom close to the 

Umits of its perfornunce. Nevertheless, it functianed during the entire 

period of construction, teetlng, and experimental applicatfon with flawless 

Chrrcforistics documented in crllbrations after completion of the work. 

In recent months it became difficult to obtain stability of temperature in 

thc accessory liquid-supply circuits. A major job of reconstruction will 

have to be done, if the  investment of the Navy in human calorimetry is to 

be protected and the trsdition preserved in this field. 

OnMay 21, 1965 Dr.  L. Fox of QAIZT, HASA, was informed of these difficulties. 

It v.8 sumtted that no application for funds would be forwarded to QART 

for the year of 1966 under Contract #R 8. 
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(Instead, t h e  e f for t s  of t h e  Bio-Energetics Laboratories i n  

t h e  f i e l d  of Molecular Energe t i c s  w e r e  i n t e n s i f i e d  and an 

a d d i t i o n a l  request for $25 000 over t he  previous annual grant 

of $50,000 for  Molecular E n e r g e t i c s ,  w a s  submi t ted  and approved. 

These funds  are intended for t h e  development of microcalorimetric 

methods for d e t e c t i o n  of extraterrestrial l i fe ) .  

I t  seems appropriate, t h e r e f o r e  t o  submit a t  t h i s  t i m e  a 

summary of p rogres s  in Eunan Energe t i c s  under #R-8 and # R-38, 

1961 - 1965. T h i s  is done w i t h  two enc losu res :  

(1) A b r i e f  s-ary of research a t  t h e  Bio-Energetics Laboratories 

on Human Thermoregulation and its relations t o  space-technology 

and 

(2) A manuscript  e n t i t l e d :  T h e  ThermBl  H o m e o s t a s i s  of Man" 

in p r e s s  w i t h  L i b r a i r i e  Masson for t h e  book commemorating 

Claude Bernard (Colloquium Claude Bernard,  P a r i s ,  1965). 

I ._ . 
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